Background: Guidelines recommend screening for cervical cancer among women 30 years or older 3 years after a normal Papanicolaou test (hereinafter referred to as Pap test) result or a combined normal screening result (normal Pap/negative human papillomavirus [HPV] test results). We assessed reported recommendations by US primary care physicians (PCPs) on screening intervals that incorporate HPV cotesting compared with Pap testing alone.
Conclusions: A lower proportion of PCPs recommend extending screening intervals to 3 years with an HPV cotest than those screening with the Pap test alone. Implementation of effective interventions and strategies that improve physician adherence to recommendations will be important for efficient screening practices.
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A NNUAL PAPANICOLAOU (hereinafter referred to as Pap) testing has played a historic role in decreasing the burden of cervical cancer in the United States. For many years, the US Preventive Services Task Force (USPSTF) was the only organization that recommended extending the Pap test screening interval to up to 3 years, as based on evidence that screening annually does not improve outcomes relative to screening every 3 years. 1 Guidelines such as those set by the American Cancer Society (ACS) and American College of Obstetrics and Gynecology (ACOG) traditionally have recommended 3 consecutive normal Pap test findings before switching to screening less often than annually. 2, 3 Improved understanding of human papillomavirus (HPV) infection and the natural history of cervical neoplasia have resulted in the addition of the HPV (DNA) test along with the Pap test (known as HPV cotesting) among women 30 years or older. Although HPV cotesting has further increased the complexity of screening guidelines, it has also resulted in stronger recommendations by the ACOG and ACS to extend screening intervals to 3 years without a requirement of prior normal Pap test results ( Table 1) . The rationale for HPV cotesting is based on greater sensitivity for detection of high-grade cervical precancer and cancer compared with the Pap test and the low risk of developing high-grade precancer and cancer of the cervix for the next 10 years in a woman with negative results from cotesting. [6] [7] [8] The USPSTF has not yet recommended HPV cotesting (Table 1) . Cost-effectiveness and other studies evaluating HPV cotesting in the United States and elsewhere have concluded that lengthening screening intervals is a fundamental assumption and advantage of HPV cotesting. [9] [10] [11] As of 2004, approximately 20% of providers reported ever using HPV cotesting. 12 Extension of screening intervals has encountered concern from patients and health care providers who equate the annual well-woman visit with an annual Pap test. No data have yet been available to document whether this very important corollary to adoption of HPV cotesting-extension of screening intervals-is being adopted by primary care providers (PCPs) in the United States. Using a national survey of PCPs, we assessed current practices by specialty for cervical cancer screening, including physicians' reported recommendations for extending screening intervals with Pap test-based screening only or with the addition of HPV cotesting.
METHODS

SURVEY
Using the American Medical Association Physician Masterfile as the sampling frame, we identified a nationally representative sample of PCPs, which included general practitioners (GPs), family practitioners (FPs), general internists (IMs), and obstetriciangynecologists (Ob-Gyns). 13 The survey was conducted from September 1, 2006, through May 31, 2007 , and was considered exempt from the National Institutes of Health institutional review board.
A total of 1212 physicians completed the survey with a response rate of 67.5%. We restricted the sample in our main analysis to 950 Pap test providers (representing 112 637 physicians) who ever recommended HPV testing for screening or management. More details about the survey can be found elsewhere.
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MEASURES
We examined reported recommendations for the next screening test for a 35-year-old woman using the following 3 clinical vignettes: (1) no new sexual partners in the past 5 years and 3 consecutive normal Pap test results, (2) no new sexual partners in the past 5 years and 1 normal Pap test result, and (3) a negative HPV test result and a normal Pap test result this year. In each vignette, the Pap tests were performed by the physician, and in vignette 3 no specific mention was made of new sexual partners or previous Pap tests. According to guidelines at the time of the survey, [1] [2] [3] 14 appropriate responses for the first vignette included a Pap test every 2 to 3 years (ACS and ACOG) or every 3 years (USPSTF). An appropriate response for the second vignette included a Pap test every year (ACS and ACOG) or every 3 years (USPSTF). Because the USPSTF does not base periodicity on previous normal Pap test findings and has consistently recommended that screening intervals be at least every 3 years, we included the response of every 3 years as a conservative but appropriate USPSTF response for vignettes 1 and 2. Vignette 3 included a separate response for the next HPV and Pap tests. Because some guidelines do not specify the optimal next screening test or tests after normal Pap and negative HPV test results, and because HPV testing alone is not approved by the US Food and Drug Administration, the composite In addition to evaluating physician and practice characteristics, we also evaluated the following beliefs: (1) whether a 35-year-old woman with no new sexual partners and whose annual Pap test results during the past 5 years were normal (a woman at low risk of developing cancer) should continue to receive annual pelvic examinations; (2) whether the HPV cotest is more accurate than the Pap test alone; and (3) the effectiveness of conventional cytology, liquid-based cytology, and HPV cotesting. In our formative research, these beliefs were consistently raised as facilitators or barriers to HPV testing or annual screening.
STATISTICAL ANALYSES
Differences in distributions of physician and practice characteristics and recommendations for Pap and HPV testing frequency were assessed by physician specialty using 2 tests. We used the Wald F test to examine the association of physician and practice characteristics and perceptions about screening with guideline-consistent recommendations for the next Pap and/or HPV DNA test in logistic regression analyses. Adjusted variables are presented as predicted marginals, 15 which directly standardizes the covariate distributions of each group to the covariate distribution in the entire population. Standardized results can be compared in the same manner as percentages.
The multivariate model was initially fitted using variables we considered to be clinically relevant to the outcome. After finding very little confounding, we retained in our final model several demographic variables and variables associated with the outcome in a backward regression. A sample weight that accounts for the probability of selection and an adjustment for nonresponse by sample strata was assigned to each survey respondent. We used commercially available statistical software (SUDAAN, version 9.1; RTI International, Research Triangle Park, North Carolina) to apply the sampling weights and to incorporate the stratified survey design in the analysis.
RESULTS
Among the 1212 clinicians in the sample, 82.0% of PCPs recommended HPV testing. Most clinicians recommended the HPV test to follow up an abnormal Pap test result, with notable specialty differences (IMs, 44.7%; FPs, 64.2%; and Ob-Gyns, 78.2%). Cotesting with HPV was recommended by approximately 28.3% of the 1212 providers with little variation by specialty (Figure 1 ).
HPV TESTING
Characteristics of the 950 PCPs recommending HPV testing are similar to those of the larger sample of all Pap test providers 13 ( Table 2 Figure 3B ). After adjusting for all other variables in the model, Ob-Gyns were more likely to recommend extending to triennial screening (27.4%) than FPs (11.9%) or IMs (17.4%). There was a strong association with the outcome for physicians' perceptions about a pelvic examination; physicians who did not agree or were not sure about the statement that a low-risk woman should continue receiving annual pelvic examinations were more likely to follow the guidelines than were physicians who agreed with that statement. The volume of Pap tests ordered per month (albeit with no clear trend), the use of an electronic medical system in the office, and less use of a liquidbased method for cervical cancer screening were also associated with extending intervals.
REPORTED RECOMMENDATIONS FOR PAP TEST INTERVALS WITH HPV COTESTING
the combined response for the timing of the next Pap and HPV tests for a 35-year-old woman who had normal Pap and negative HPV test results. Most providers reportedconduct an HPV test every year. Among providers who reported that they would perform a Pap test every 3 years, 50% of IMs and FPs vs 71.6% of Ob-Gyns reported that the next HPV test would also be performed in 3 years. There were no reported recommendations for HPV testing in 3 years without a Pap test.
COMMENT
Our study using a large, nationally representative survey is, to our knowledge, one of the first to examine whether the addition of HPV testing to routine screening for cervical cancer would prompt PCPs to extend screening intervals among women considered to be at low risk for developing precancer or cancer in the next 3 years. Fewer providers reported recommending extending to triennial screening with HPV cotesting (19 HPVcotesting.WhenofferedthechoiceofHPVtesting,many physicians deferred to the same pattern they used for Pap testing. That is, recommendations for annual Pap testing were accompanied by HPV testing at the same frequency or,alternatively,HPVtestingwasnotrecommended.Clearly, the corollary to HPV cotesting is not being followed.
As expected, there were differences by specialty in screening intervals. Among the Ob-Gyns, the group least likely to extend screening intervals with a Pap test alone in a woman at low risk, the percentage extending to triennial screening with the addition of HPV cotesting did not change markedly. Although Ob-Gyns were more likely than FPs and IMs to report that they would conduct the next HPV test in 3 years, the large majority of all physicians would still conduct the Pap test annually. Among the IMs and FPs, the addition of a negative HPV test result seemed to offer less security in recommending extension to triennial screening than a history of 3 previous normal Pap test results and no new sexual partners. The IMs and FPs reported a decrease in the percentage performing the next Pap test in 3 years. The most likely explanation for the changes by specialty may be lower familiarity with HPV and HPV testing guidelines among IMs and FPs, as found in other studies. 16 In addition, specialty guidelines for FPs and IMs often defer to the USPSTF guidelines, which do not endorse HPV cotesting. 1 Liquid-based cytology has become the most common type of cytology used, despite recent evidence that liquidbased and conventional cytology have similar test characteristics. 17 One of the most common reasons for its popularity remains that it facilitates HPV cotesting on the same cervical sample. In our study, we found that liquid-based cytology use was associated with a lower likelihood of extending the screening interval, reflecting the contrast between the ease of adoption of emerging technologies and the resistance to screening less frequently. The use of electronic medical record systems was associated with extending the screening interval and serves as an important example of how electronic systems may facilitate reminders to help identify those who are due for screening as well as those who may not need annual screening.
Although PCPs are familiar with assessing the number of sexual partners, the previous number of normal Pap test results, or the history of sexually transmitted infections as traditional risk factors for developing cervical cancer, 18 the concept of HPV status as a risk indicator is relatively new. Castle et al 19 outlined a risk-based approach that takes into account HPV and Pap test results. According to their approach, a combination of negative HPV and normal Pap test results is considered the lowest risk category (Ͻ2%) for development of cervical intraepithelial neoplasia 3 in the next 3 years. If providers are using HPV testing, interpretation of traditional risk factors may not matter as much as HPV status. Already, ACOG guidelines state that extending to triennial screening with HPV cotesting can occur, even if a woman has had a new sexual partner in the intervening 3 years. 4 Other studies have also shown that physicians are resistant to extending Pap screening intervals. Our current findings are surprising given the endorsement of extension of screening intervals with HPV cotesting by 2 major guideline-setting organizations 5 years before our survey was fielded. 2, 3 However, numerous studies of physicians' adoption of new guidelines have highlighted the importance of local physician opinion leaders-above and beyond the recommendations of national guidelines-for producing changes in clinical practice. 20, 21 The influence of opinion leaders within the local practice community is essential for or against behavior change. Intervention studies have identified mechanisms for this influence 22 ; however, our data do not include details necessary to assess the influence of local opinion leaders.
Although current cervical cancer screening guidelines incorporate HPV testing into Pap testing and endorse testing less frequently than the annual screening, there is concern that the recommended triennial screening, especially with HPV cotesting, might result in less frequent visits for other preventive care because cervical cancer screening and annual visits have been so historically linked. Of course, the financial incentive of annual testing (payment per visit) may also play a key role in promoting annual testing. As a direct response to the triennial screening recommendations for HPV testing, in May 2009 the ACOG recently released a statement that reinforced the need for an annual pelvic examination, despite longer intervals between Pap tests. Although many may question the scientific evidence for an annual screening pelvic examination, 23 this is an important statement by ACOG to separate Pap testing from the annual examination. The ACOG quickly followed with a revised Abbreviations: FPs/GPs, family physicians/general practitioners; HPV, human papillomavirus; IMs, internists; Ob-Gyns, obstetriciangynecologists; Pap, Papanicolaou.
a Percentages are weighted to the primary care provider population in each specialty subgroup category. Because of rounding, percentages may not total 100. Not shown are no Pap test (n = 17), unknown Pap test results responses (n = 8), other (n = 4), and missing (n = 22).
statement in December 2009
5 suggesting more neutral language than a required annual gynecological examination. Many clinicians cite concern from women who want annual Pap testing. Two recent patient preference studies have found that women are receptive to less frequent screening if HPV testing is introduced, especially if accompanied by a provider recommendation. 24, 25 Since the introduction of ACS and ACOG recommendations for HPV cotesting, few studies have highlighted the experiences of managed care organizations that extended their screening intervals. Kaiser Permanente Northern California has had reasonable success in implementing the HPV cotest with conventional Pap tests. During a 5-year period, they reported that greater than 91% of women 30 years or older enrolled in their plan had normal Pap and negative HPV test results. Furthermore, 91.6% of their members 30 years or older who participated in screening elected to have the cotesting option (screening every 3 years if both test results are normal) instead of annual screening. 26 Now, the average interval between negative tests has been extended to 31 months (Walter Kinney, MD, personal communication, December 15, 2009 ). In many ways, managed care organizations have many of the successful systems to promote evidence-based practices, such as pay-for-performance initiatives that include individual physician accountability, screening guidelines in the practice setting, physician and patient reminder systems, and peer support. The success experienced in a controlled setting such as a managed care organization may not translate into other settings.
The use of HPV cotesting is currently being examined in randomized clinical trials in Europe, 6, 11, 27, 28 and cost-effectiveness studies are also being considered be- fore adoption of cotesting as part of cervical cancer screening policy. Researchers in Europe are debating whether adoption of HPV cotesting in the national screening programs would result in changes to the recommended start of screening and/or extension of screening intervals among women 30 years or older (beyond the already accepted and practiced 3-to 5-year interval with Pap test-based screening programs alone). 29 Many of the countries are also considering HPV testing as a primary screen followed by triage with Pap test. 6, 30, 31 In contrast, in the United States, decisions about which screening test to adopt, although taking into account scientific evidence, are largely based on regulatory approval, specialty society recommendations, and cost reimbursement. Directto-consumer marketing and legislation may be further influences. 32, 33 Further exploration of the relative impact of physician, practice, system, and societal factors associated with physician adherence to screening guidelines will be an important area for future research.
Several cost-effectiveness models for the United States have evaluated the impact of different Pap and HPV cotesting strategies for screening. 34, 35 Although these models have not explicitly evaluated the clinical vignette and physician recommendations from our study, as the frequency of Pap and HPV cotesting increases to annual testing, the associated costs increase, with little improvement in life expectancy. 35 Thus, these models suggest that the practice patterns we found in our study are likely to increase costs with little improvement in reducing cervical cancer incidence and increasing survival. Overuse of screening is expensive for the health care system 36, 37 and may result in unnecessary follow-up testing, 36 increased risk of colposcopy-associated morbidities and adverse birth outcomes, 38, 39 and distress for patients. [40] [41] [42] Evaluation of the cost-effectiveness of Pap and HPV cotesting strategies as implemented, along with other considerations, may be useful before resource-limited institutions choose one strategy over the other. Despitethestrengthsofusingalargenational,populationbased sample of PCPs with a high response rate, our study has several limitations. We used patient vignettes to elicit physician Pap and HPV test screening recommendations; these vignettes cannot reflect the diversity of women seen in clinical practice or other observable or even unobservable factors that may influence practice. However, clinical vignettes have been shown to be a valid tool for measuring the quality of clinical practice. Physicians may overstate patientreceiptofcancerscreeningandtheirperceptionsofpractices that adhere to guidelines, 43 although more recent studies suggest that physician self-report of practice, especially use of clinical vignettes, is reliable. 44, 45 Our report shows that approximately27.0%to32.0%ofPCPspecialtiesrecommend HPV cotesting, which is slightly higher than in a 2004 survey, which reported that 20% of PCPs had ever used HPV cotesting. Recent analysis of pathology data systems have reported that approximately 13% of Pap tests among women 30 years or older have HPV cotesting. 46 Any overstatementsfromself-reportwouldimplythatadherencetoscreening recommendations are lower than reported herein.
In summary, we observed that PCPs' recommended extension of the screening interval to 3 years is actually lower when HPV cotesting is considered. In addition, many physiciansreportedoverscreeningwomenbyusingboththeHPV and Pap tests annually. Until measures are in place to reinforce extended screening intervals among women with negative HPV and normal Pap test results, there is no advantage gained with HPV cotesting, and it is more expensive.
INVITED COMMENTARY
Rightsizing Cervical Cancer Screening C ancer screening strategies must strike a delicate balance between benefits and harms. While the population at large is familiar with cancer screening benefits, screening harms are often not appreciated and generally not discussed. Harms can take many forms, including pain, inconvenience, and morbidity associated with all aspects of screening: testing, follow-up procedures, and treatments. In addition, prolonged surveillance among those with diagnoses of uncertain malignant potential can lead to substantial life disruptions and anxiety. Defining the optimal balance between benefits and harms is often difficult but imperative so that screening benefits are maximized and screening harms minimized. 1 Screening harms can be mitigated to some degree by setting appropriate lower and upper age limits for screening and avoiding too-frequent testing among average-and low-risk individuals. As a general principle, screening frequency should be driven by 2 major factors: screening test sensitivity and the natural history of disease.
2 Screening strategies for cervical cancer endorsed by ACOG reflect these factors: after 3 or more normal cytology (Pap) test results, screening periodicity may be substantially lengthened in average-risk women aged 30 years or older to every 2 or 3 years
